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过我们的理论研究， 终解释了两种氯化产物，#4169C66Clx (x = 6, 10)，在相同实
验条件下同时产生的机理。以上构成了第三章的内容，而在第四章中，我们提出





























Exohedral functionalized fullerenes (EFF) are fullerene-based derivatives 
modified by exohedral functional groups. Due to their interesting structures and 
properties, EFFs received wide attention in the past quarter century. 
The key limitation on fullerene synthesis is due to the constraint of isolated 
pentagon rule (IPR), which states that the fullerenes with isolated pentagon ring are 
stable, otherwise are unstable. The huge number of non-IPR fullerenes, due to their 
fused pentagons with severe local strain and anti-aromaticity, are unstable and can 
not be obtained in experiment. But, by means of exohedral functionalization, these 
fused-pentagon fullerenes have been stabilized. Up to now, dozens of EFFs with 
different sizes have been synthesized and characterized. However, structure 
determination and formation mechanism study on EFFs are still quite challenged. 
Problems on structure determination are due to low yields, difficulties in separations 
and purifications, lack of high quality single crystals for X-ray diffraction analyses… 
etc; while studies on the formation mechanism are also limited by the complexity of 
experimental condition (e.g. arc discharge condition), information could only 
afforded by the final product in usual case. 
In the thesis, considering above difficulties in experiments, we focused on two 
problems theoritically, i.e., How to determine the structures of EFFs and How the 
EFFs are formed? The results are summarized as follows: 
1. Experiments for preparing EFFs are usually performed at high temperature 
and harsh condition. Thus, the final products should be most stable species in thermal 
dynamics, since thermal equilibrium could be readily established in such situation. 
Hence, in priciple, one can use quantum chemically computations to search all 
possible isomers of EFFs and thus determine the most stable isomer of EFFs. 
However, such approach is impracticable due to the huge number of EFF isomers 
including the isomers differed by carbon cages and by the differnet addition patterns 
on the same carbon cage. To overcome the problem of structure determination of 
EFFs, we developed a fast multi-step screening strategy, which combined the graph 
theory algorithms and traditional quantum chemical computations, to determine the 
addition pattern of fullerenes. We use the graph theory to calculate the Kekulé 
number of each addition pattern for a given carbon cage with very high speed. Based 
















some suitable isomers to perform semi-empirical/first principle quantum chemical 
computations. Using this powerful multi-step screening strategy, we successful 
predicated the halogenation patterns of some cages, including the most well-known 
IPRfulerene, Ih-C60, non-IPR fullerenes, 
#1809C60 and 
#1804C60 (containing 
double-fused pentagons), and non-IPR fullerenes, #540C54 (containing 
triple-directly-fused pentagons). The complete agreement between our theoretical 
result and expriment, proved the applicability of our method. 
2. In chapter 3 and chapter 4 we discussed the possible formation mechanism of 
EFFs. In general, one can divide the whole mechanism into two parts: first one is the 
formation of pure-carbon cage and followed by the functionalization of the carbon 
cage. In chapter 3, we showed the complexity of fullerne chlorination process, as 
exemplified by the chlorination of #4169C66: to form the final product, the reaction 
pathway is branched and merged, and some rearrangements of chlorine on carbon 
cage are also required. We revealed the formation mechanism of #4169C66Clx (x = 6, 
10) and explained why two products are obtained in experiment. In chapter 4, we 
proposed a new mechanism of fullerne formation, in which the non-IPR C60Cl8 could 
be turned from the Ih-C60 induced by chlorines in arc discharge experiments, and 
explored the possibility of chlorine-induced fullerene cage change. 
3. In chapter 5 and chapter 6, we applied quantum chemical computational 
method to fullerene derivations. In chapter 5, we discussed in detail on #540C54Cl8, 
#23863C78Cl10 and 
heptaC68Cl6 on the structures, associated reactivities, and addition 
patterns of their carbon cages, and the structures, chemical reactivities and other 
properties of their chlorinated derivatives. 
4. After the discussion on hollow fullerenes and their derivatives, in chapter 6, 
we turn to consider the simplest C60-based endohedral metal fullerene, namely 
Li@C60. We revealed the chemical form of "Li@C60" by exploring the electronic 
structures of its monomer and two-type of dimers; furthermore, we re-explained the 
experimental IR spectrum and further confirmed our structure assignment. Finally, 
we designed a chloro-endofullerene, Li@C60Cl5, which is extremely stable and could 
be obationed and characterized in further experiments. 














































































































































































































[35]只有C60Br6, C60Br8, C60Br24和C70Br18几种。 
通过上面罗列出的文献中报道的 Ih-C60 及 D5h-C70 的富勒烯卤化物，不难发
现其产物具有多样性的特点。这一方面提供了获得更多新物质的可能性，另一方
面多种产物的混合也可能给分离和表征带来困难。 







图 1 - 2 C20H20分子结构图 
Zettle 小组报道了第一例小富勒烯 C36 的合成及分离
[46]，但其表征并不确切，
理论计算显示这极有可能是由于C36的不稳定性使其自身相互聚合形成寡聚物导




















































































































1.1.2.3 外部衍生化稳定非 IPR 富勒烯的原理 
 
图 1 - 6 锥角p示意图：(a) 标准 sp2杂化的碳原子，(b) 标准 sp3杂化的碳原子
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